Bowel preparation for colonoscopy in children is a challenging procedure. Wide variety of preparation protocols exist, varying with the hospital. Unlike in adults, there is a lack of uniform bowel preparation protocol in children. Ideally, the bowel preparation agents are assessed by their safety, efficacy and tolerability. Unfortunately, none of the preparations currently available meets all of these criteria. However, since last decade, Polyethylene Glycol-3350 (PEG-3350) is gaining popularity for bowel preparation with reported safety, efficacy, and tolerability. The only major drawback of PEG-3350 without electrolyte was 4 days long preparation time thus raising the question if the duration of preparation time could be minimized and yet have same efficacy, safety, and tolerability of the medicine. Hence, one day PEG-3350 regimen was introduced eventually and is now being studied with increased dosage or combined with other laxatives. This is the first review which compiles the study so far conducted on one day PEG-3350 without electrolyte as colonoscopy bowel preparation in children and tries to summaries if this regimen can be commonly used in children for colonoscopy bowel preparation.
Introduction
Bowel preparation for colonoscopy in children is a challenging procedure. Over the years, a wide variety of bo-* Corresponding author. wel preparation regimens have been used in children [1] - [4] . Medication that has been used is high dose Polyethylene glycol (PEG) with electrolyte, which in published studies has shown high efficacy [5] , but had poor palatability due to its distinctive unpleasant taste along with poor tolerability by children because of large volume that must be complete within a short period of time which frequently required nasogastric tube [2] [3] [6] [7] . Magnesium citrate, or combinations with stimulants had poor palatability and needed dietary restrictions [2] [8] . Oral sodium phosphate in children is limited because of serious adverse effects such as hyperphosphatemia, hypocalcemia [8] - [11] , acute kidney injury [12] and can result in colonic mucosal changes that mimic inflammatory bowel disease [13] . Enemas alone or in combination with stimulants that required anal insertion [10] . Bisacodyl or senna alone required clear liquid diet for 2 -3 days with multiple enemas before colonoscopies examination with still had high poor preparation rate requiring repeated examination [2] .
Ideally bowel preparation agents are judged by their safety, efficacy and tolerability [14] - [16] . No bowel preparation regimen meets the ideal criteria for bowel cleansing [2] . Beside these three ideal criteria, the other aspects of bowel preparation in pediatrics are ease of administration, palatability, dietary restriction, and daily routine disruption minimization [1] .
Since last decade, Polyethylene glycol-3350 (PEG-3350), an osmotic laxative is commonly used as bowel preparation and has recently gained popularity [6] [14] [15] [17] [18] . PEG-3350 as a bowel preparation in children was first reported by Pashanker et al. [14] with administration dose of 1.5 g/kg/day for 4 days. It has shown to be effective and safe. Because of its tasteless character, it can be mixed with various types of drinks according to patient's choice. PEG 3350 is reported palatable and hence the compliance is excellent [14] . The only major drawback of this regimen is long preparation procedure time which led the parents to miss working days and absent school days for children. Hence raising the question if the duration of time could be minimised and still have same efficacy, safety, and tolerability of the medicine. Hence, one day PEG-3350 regimen was introduced and is studied with increased dose [17] [19]- [21] or combined with other laxatives [22] . The number of published studies investigating efficacy, safety and tolerability of one day PEG-3350 is relatively less. These studies were all single centered and varied widely in their design and only a few were prospective and randomized ( Table 1 ) [17] [19]- [22] . This is the first review which tries to compile the studies so far on one day PEG-3350 without electrolyte as colonoscopy bowel preparation in children and attempts to summaries if this regimen can be commonly used in children for colonoscopy bowel preparation.
Efficacy
Efficacy of the bowel preparation is the clinical priority in high quality bowel preparation. The studies uses different outcome measures to define the success of the preparation 1. The intubation success rate to cecal and terminal ileum 2. Non-standard bowel preparation rating Scale "excellent", "good", "fair", or "poor" 3. Boston Bowel Preparation Scale (BBPS). So far, one day PEG-3350 without electrolyte studies reported adequate and effective bowel preparation range from 77% -100% [17] [19] [21] , cecum intubated range from 97% -100% [17] [19] and terminal ileum reached range from 84% -100% [19] [20] . Grading system graded by endoscopist in a prospective study showed excellent and good bowel preparation in 75% [20] . Sorser et al. [21] in their prospective RCT comparing one day vs three days administering PEG-3350 without electrolyte showed no significant difference among the two groups with excellent and good 100% in one day vs 93% in three days. 77% of patients in a prospective study showed BBPS score of at least 5 [19] . When BBPS was compared between one day vs two days administration of PEG-3350 without electrolyte, there was no significant difference between excellent and good BBPS score of 70% in one day and 72% in two days [22] .
Safety
All colonoscopy preparation are associated with adverse effects. Clinical adverse effects include nausea, vomiting, abdominal pain/cramping, bloating, fatigue, weakness, headache, and dizziness. In all the studies there are mild to moderate degree of above symptoms but none of these reported to have clinically significant need of intervention [13] - [19] . Interestingly, when the studies compared one day with two days [22] and one day with three days [21] administration PEG-3350 without electrolyte; nausea, vomiting, abdominal pain were comparatively same between both groups with no statistically significant difference between these groups.
Metabolic disturbance includes electrolytes imbalance and change in osmolarity. PEG-3350 preparation without electrolyte was commonly used with sports drinks. The mixture of these two when compared with PEG . BPPS uses 10 point efficacy scale rating 0 -3 in 3 section colon (right side, transverse side and left side) where 0 = "unprepared colon due to solid stool", 1 = "portion of mucosa not seen", 2 = "minor amount of residual staining", and 3 = "entire mucosa seen well with no staining". The sum of all 3 sections was added a total score from 0 to 9. Likert scale from 1 to 5 with 1 = "hated it", 2 = "didn't like it", 3 = "Ok", 4 = "good" and 5 = "excellent".
with electrolyte (PEG-ELS) contained about 9 times less sodium, 4 times less potassium and 6 times less chloride [1] . Low sodium can lead to net absorption of free water resulting in hyponatremia [23] , specially in patients with impaired kidney function. The carbohydrate in sports drinks may lead to bacterial fermentation and hence production of combustable gases [24] . However, till date there is no reported major adverse event of Gatorade mixed with PEG-3350 in the pediatrics literature [1] [25] . In a prospective studies, the post bowel preparation serum potassium, blood urea nitrogen (BUN), carbon dioxide were significantly low when compared to pre bowel preparation but these were reported clinically insignificant [19] . On the other hand, in other prospective study, electrolytes (sodium, potassium, chloride), BUN, creatinine has no significant pre and post procedure changes but had statistically significantly decrease in serum glucose and carbon dioxide [20] . Small changes in serum osmolarity was found in both one day and three days PEG-3350 without electrolyte administration but it was not clinically and statistically significant difference between both groups [21] .
Ease of Use
PEG-3350 without electrolyte is palatable due to its tasteless character and can be mixed with any drink of patient choice. However, in order to decrease the duration of administration time, the volume of medicine has to be increased. Hence, one day PEG-3350 regimen has to be administered in large volume in limited period of time and therefore had unacceptable volume rating [19] . Despite this, when the children were asked if they would take this regimen again, all patients of a prospective study stated that they would like to take same bowel preparation again in future [20] . Among those patients, 9 patients had undergone colonoscopy bowel preparation in the past with alternate bowel preparation regimen. Unlike PEG-ELS, in PEG-3350 without electrolytes there is no such report of use of nasogastric tube for administration of the assigned amount.
Quality of Evidence
The major advantage of this regimen is its short duration over a few hours hence reducing preparation time, decreasing the working hours of parents and missed school days for children with same efficacy and safety as that of three-days and two-days PEG-3350 regimen. However, studies from which these conclusions are drawn are a small number of trials, which all have certain study bias. The data are collected from small sample size, tertiary centre, and the grading system they used to grade the efficacy of the bowel preparation is non-standardised. The study conducted by Adamiak et al. [17] is a retrospective study without proper controls, which cannot be compared to other preparation due to lack of investigation which was not done at the beginning (serum electrolytes). The author also mentions lack of standard dose of PEG-3350. Although the parents were advice to mixed specific dose of PEG-3350, it was not clear the exact amount of PEG-3350 consume by patients. Furthermore, it lacks standard scale to assess the bowel preparation quality. In other hand, even though Abbas et al. [19] used BBPS in their prospective study and Najafi et al. [22] in their RCT study to assess the bowel preparation quality, this scoring system has not been validated or previously used in children. In both prospective studies [17] [19] and RCT conducted by Sorser et al. [21] have mentioned there may be performance bias due to lack of blinding to the endoscopist during procedure. None of the study has reported the method of recruiting the patient hence having a selection bias as well.
Conclusions
One day PEG-3350 without electrolyte has been shown to be safe, effective with acceptable adverse effects but with low acceptance rate due to large volume that needs to be ingested in limited time.
So far the cumulative mean age of one day PEG-3350 is 12.5 years. Hence, there is less use of these regimen in younger children. Therefore, we cannot conclude if this regimen can be safely used among younger children.
The commercially available drinks that have been used to mix with PEG-3350, the components of electrolytes are not stated. Therefore, the true level of electrolyte in the mixture to be ingested is unknown and we suggest this should be noted in future studies.
Due to small number of studies conducted in this field we cannot precisely conclude that one day PEG-3350 can be routinely use on daily basis for colonoscopy bowel preparation in children. However, in emergency cases with limited time frame, who urgently needed colonoscopy and the patients who are unwilling to complete a longer duration preparation dose, this regimen could be considered. Physician should be vigilant and should consider adjusting the dose and duration of drug according to each child's condition. Further large, prospective, multi centre, high quality randomised control trial is needed.
